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macoesaivo wltipliostSoas tosalt la tbs tattoos* of tbs 

diagonal tssss «t tbs sapsoss of tbs ^f-disgsosl slssssts* 

*a»n finally tbs sflMMbiMtt ©loosats hmmm ssso» tbs diagonal 
iotas of tbs tsaaittaf wittis aso tbs ©i®»*»ml**0S and tbs 
tonttosms pwxfeiet of toioUoa is Us asM. aststxo tbs asttooi 
is sssttly applitotol# t@ tool and syismttl* sittfftMi using tbs 


tstiti spa m olootvool* digital eoaputor* 

e#s mm wmi kmxsmm mmmm- mwmmm*. 

for a plat® 14th aafc&tmfy teanMy coadltloao at am 

M0&8 m m® mmm 

p q . #.»4 

w Utfft) * ^ % to (x) l u m ^ **•£’.21 

mi m\ 

iflwm X m aad Y m mm both *a<5sjl ml®!®* fwmttrnm 1*0* they 
s&ilfify the rigid boundary condition*. . to tta© prosoat aaalyai* 

Um *bmm @t»»M lioytrli© i^q©tio;i® w are utod far tt»©o fuaetloas* 
Timm mpmmtst tlss xmmml ntit* of vibration of uzdL£(H% long 
a at *loa£»r Imw* They me net© need a* adoAraftfeS* fmtlmii for 
plat® vibration pmbt&m by atyenl previous author* rntbsirton < 2 ) 
end faun* ( 3 ) u **6 tba* for laotvopto ptotos and imurao ( 8 ) aoi 
®OS»yaJi*to and trtuivaa&a ( 9 ) for ap© dally oiHWIiotfOpi© plated* 
Timm tumt lone* bmmm of their ortiaogoml peepartpf am slaplo 
to um msA of the Integral® required for th» eoapartatlaist 
tm ©ortain boundary cootflt Sons mao oaloutotod an! tabulate* by 
fount < 3 J* H* other iutapel* regalfe* for t» gwwitlly 
©rtbotropi© plat© for all bowitoy oo^idltloao *» ooaltiatod and 
tabulate* la the jaeaaat lovostlgatioa* 

' . ' : ■; . . ;J: ’ :: ' p bf'; : ; ; ■' .-■■ * . , 

B@ar SI riSR'!ffit©slst»is sfl; ' ' ■ 

fbaee fwaM&m mm Obtained fmn the aetoftta of ttat 
differential o^nattoo towmlag tt» rtlMMbta #f a 

wMwm beau* fm '|pii«a& feawiof tt»a* fteotlaa* if % 

:; ' : Y> -,f Y . .-;Y ' ; 1,1 Y V ,<"; /Y'Y: Y. : Y :. , Y ' -Y^Y'Y; Y" Y^ Y' 

0 e M •cxmb a, X * s Co- 3 c x . i* («Mk%x 4 1 ®a V* *•* «W» 
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1U® ®l»iil®l®»®lil® Sw ft ttlffiply i 

vitoh as® lamt $tot® to tie taM* t ®aa to tatoa a® 


Ttoto ru.^tioi^ «ito tui uniiiiil 

£»£3 *od S»tM« If Hi 4®itm % *> * * I® II Iff I 






£) plat© 


0 ^ <$ v/sr Cl** s/f ) 2*« 

11) flHMMffwa fM# 

if * 1*0 

» s/T C3.** mi) *•* 2*27 

TMt ftMttttoni al«e satisfy tut ofttawrafA Jt3*tlM§ 

»£W»totoa tbgr #qi*aii©as 2*23 and 2*34 IX no #&££*» f®3? tb»at 
£®wer wAta % # o (« * S*S) 

saint imm tm&u^m t*» iJ^fr naa iJfor) in equation 

WlSf' 

e«81 tfta tatal pateaUal mv gp af tim P^t® witfe any 

oot&inatloa of mmpa®yt& or aiavpad ©Apt# «o to •a^iaaaA 

in teffr* of tha tin^-iSHa oyattuitt %> tebatltrtim 2#2i£» 
•cjoaUooa 2*0 mi BM§ wamim m% Hit mxtmmMMW*® ana 
«ta 9 &if!r£aff ttiteff Hit f&tMmm® mtMMn 
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mmw*- 


®Wt X 9 • 

Urn Hn vmmtSm pmbXm C% « % * %| * C) tin# 
ocjueitloao 2*30 mu t» wvitteo is ths a&txlx ftm 

[x] {c} « X 2 [i] {c} 2*31 

ft» aaitix [ X ] la ppal sad syrmtal® XwmBmottm - of ■ 
n® bmmflmy mtMkimm at %$m *6g»* «f its® plates* ft® oigtar 
vain® mMbni toy tins above equation #S© Is®' 0®lV®O t0 

yield tii® of tmnmmrm vlbmtMn of Um plat® (\ ) 

fot agy feotmisfy mdltlMia* at tt* «d$M% ©agl® of mUmOmptottf 
(t) ©ad «td» toil® Cl)* 


s*e bocxuwo or mmmm omi-mmm pmm 

Tim mAtiml mims of tmm% appliod to am sOMSm px»m 
of iim p§sm at the flat torn of OftsiliMto boo®*®® wastaMi* 
mi. tt® jtot® tegtn* to btte&So ®»a be dortotviaod If MtlioOo* 




plates oKsplogriag ti» Vmmtm mH®& mtM to mtom t m Mifwmm 
trnt mmtM® rn® (1?) tsm vm& t M» rnppm&m I to ftod tin critical 
buckling lot<i of «oot»acii3wr f *p*ci*l|y 9Vthetff§f&o plains, 
uttXm U m toty 1 ! mUmH to aftve owiiMi £*32« 




zaagnltutis of Urn UipMsm load* fills mtkM 3 ms u sad by week® 
mid Shldeler (11) to flat list sylttssl backlit!# isad* of 


l&stQji* 

■•eBgjW' *T*w’’ -jfe / T*P r jp,r owKw^Fm ^Sf 


0) % noting it® fast ttmt oaM e®*tala bosoflaty 
condition® tbs Mkllaf nm vlbyttlsa pseb&mi ate stall** 

SM safety Talus pwblsas* tbs vmml%» of oat ©aa b* obtained if 
tftt iWMlto off tli© otter at© orstltbS*# Tte otittosl buckling 
load m® b® Amoft Im ttat nrtaftl ***•» 

m % »*» by suitable com!®!®®* fills asslogy ®so b© «Jiilly 



seen In tt* sags of srtisottop is pints tilth sliaply sitproarbst 
slits Item mqmMm 3*17* Hff tbs yibraMsii p*ebl*a» Is tbs 




latftjjMSQtsd m 

* • C 


} s f!»* tl» fiftsot ion 


s % » s uP #/ far tli© baelEliog piwblssu 


2*7 mmw*& smmam imm» 

In tte psssoat study tl® ositlesl tasteltnf Mad paw-* 
mt&m m: MmM tMa ssstaagwla* ®em»aXly o»1A0bi»i&«j s$***S 
#» foaM by tfco s^allibslus lasthod* Aa appisudaBtar 
to tli©' djUysssslisX «cp astisa 2*32 Is oMaiasdl by tt® pfi:i©dpM 
of MMmm potential &m&m »si»0 tt» Balolgli Mis pmmBim* 
C&asaeiesisttQ bMus ftwsttos© ass asst as sdnAMttbte f»*i©iic»as 




maa&upi&im to M : % m got ml 

WW* 3% [!]{€} ©0 wtmm [A] 5 [ 0 ] [k] 

A a© a ml cotvix m& lt« •IgsoraltiOE 

mpmmm th» aAiAmt ^mWtXm loads ffct dtff»»ai a»d»» of 
iofowitloB of tbr ptoto* doomnyf 1*®' Ml ovitioal toMfcliot 
load is of int®»st and is <3otos»iiM6 % flirting tlrt togoet 
•ifsixmlm of [a"]*** « [s] ** Ld3 


m msmmjmmm 

f f m mjjtfhmm etam stsossifo aamii j o i, to .• to mom 

tesIsMiifi ttf it eljibt mbi Mtod to aiisttseiff tyifii 1 .^»% ii mm i ss^lMl 
to im th» otfcer too oige#) 





3*1 of tmmm mb rmumm* 

&} puts &mm supported m Atz 3W) tm mmmi tm • 
qmoBiMt of iammmttm of a thin raotaagols* gmvftlly 

ofttootmfte plAto of© oolooiatofi ty st mlwlm tl» ' : ;tgei2iralao 
pmWLm soppooentoO % oqmiioa s>*20* Wmmiml SMolt* aw 

a aNMpio plffiod plat© far* ®t&«& tte al&atic pmp@&» 
tlOi ill Bj^ 6 * l#g4S owl / B^ 6 g 4*B13* fk* fftflMltl •• 

%1» %gt %gt **» oaiooiotod fmm wpottos© a*© aM j 

2*7* II® olosaoio of its® rn^Mx X of® ofslw&toO fsm | 

2*13 tofelag p m % m 4 IS* dfcffwwrat ®$M mtlm { e/b) nm angles of j 
ortftriomploltp (#}• fop tin® apeeially ®rumtmpie mm (l«o« : 

6|O 0 ® ©0®) X to 0 IB * M <Slagoa»X B»t*t* »oi Iff Vm . «MiK«ollX I 
aFtl«ot#oi.dLo plat® ff«r otlmv wt tBm a of #1 the ooapl ing 

I 

toaao oontaiuiag S|g and %p mtfiluli tt» *ft*4toyaml to«as« j 

i 'f&uswBw* tlxj dte'mri r f 1 tesns b&& loans xfiMii eoEtossotl to ©tiiojps ©nfl I 

ttoo m*9$M %» wm% owl ft® elgiaaM of X wo mmsam» | 

' ' :. '' ■ , :' • ' '■ ■■_,■■'■." ■. ■ '■'" . ''■/"''V '. '" ■"■ !,r, - ; ' ■■ ;. : '/ . ; ' "",■ ' ' /\ v' /' ' .■ ■: : ’ '- ' ■ ■' '’' ;i ' : ' •"•'■ , v ■■ I 

toi if am $mMk a*txwA» itio ww^ao^iomi fmmmmw pmmmrnw 

Xm c m # # #/ ift m mimMtmik fwr am mm mmm \ 

mm® m fllioilmi© ftmm mm® mm mmmrn®wimi If m awd » Clu 
tfOttKO 2 * 10 ) w!iioo «op«oiont tt» srter of l»Xf ww iaio 
oMOO ti® plato b©e$s ateg tlsi X aoi f mmtMmm lW0*iU«0lf * j 

ti» §mm*m$m of oix» ftooi fix mm® of wmmum mm 0 m$ 'is j 

***&• 4 Hot ooiiowv ilii sotioo oof aogloo of otlMoiWflsItf* ; 




ftpfOMi fo* maglm of ort. .otvoMolty boomaio of to touts 
%3 &®$ to equation 2*13* Tim of foot of ti» Sift $®tie 00 
to ffffniMMgr of to two ntof { » * l f a « 1 aa$ a • 1* a * 2) 
is mm& la fipawi B.« Tte XMfMNMp «Se«?««8« i».p^€l^ vltt* to 
i?;io?oa» of to tot sotlf fcoai a Mill value, itMos * tote® 
at a. partieriilay mfb mt$m to tmmmmm at a Its® «npid fat®* 

Tut taint of to tot satin at toon to frequency is w&a$mm 
fiaptos t$e» to to® tope to angle of tMwtstpltog to to 
onto® poototot of to Mato* Yfgw 3 tows to ftoKtiM of 
to f«ep9s^ of to first too® too» {* * 1# » • I# ® * I§ a ®t 
aadi|g f fiiJ) lAtl* to aogte of tttofcstp&slty to tot 
ratios of 0*4 f M| 3*0 «ai 3*0* to m&ttt m tot# to togtseuef 
increases with to tola of toto*ttot% tola iwr otosw it 
ftttttats* - Ttwm &m mm tot# to tofti to atonxat fttgotto 
oooiift tt m mlm tm® toti 4S°* 



> : 


itstto ©f tootses#® ttotott of a sflto tojotsf 
m liai tout • to# ft opposite ffto is toff* 



* JM m- 


Kjiitaiittb is roai and Ttm olgeovaitts problem is 

solrod aad Um tmqmm® y&mmlmm mutm&m® m& glvoo 
table B for sasAeo* aMa ratios, angles of orthotwpioity soft 
odg© loads* Figure 4 shots tbs offset of tbs faplaso load oa 
tins- f*sqns&ay of taronsvem vibsstios* fba in^uor® of frs^tioaoy 
dooreass* li^soarly with tbs cfeo^as© of tbs toiisil© load (or 
iaossas* of ooHpanMsivs loot) sad tbs isplaoa load ootwipood** 
iog to sow fSsqniiMy is tbs statio bucKUag loads of tbs 
plots* 

it) puis wifi jmmmm mmmm. commmim, 

Tfm tmqmmta® of teawtFS® silssttas of this roobaa* 
gulas plsto with arbitrary boundary wattiSssi oi tbs odssos as® 
Xbnaft fey solving tbs s isssvalut psoblo* roprasaaied by oosatioo 
i*Sl» tfcs fiSMSViSSl fftisft* of tbs integral® ssfuifad ia 
equation aw tfotsndasd by tbs istsssstios of tbs bo®» cbsssots* 
ristlo fbootioos* lfcss* eimrsotoriatie fnmttom wiiiois reprsooat 
tM sod s shape® of long, oloadar bsass subloetai to tsooswrw 
vltost&oo* for dAffertoi boundary coi’sdltioos m® given is table 
l.C represents tim sods ;»3b..?r (ta? aosbor of iv:lf wmm into 
ofalob tbs boas bonds)* a susssiosi istsgmttoQ pweedsire using 
tbS *JWMMfS IbtOffOMoO* is tttiliSSd to OWIMIS til tbS 
required integrals* ft* marioal results aw gssseoiod is 
tabSs t (a* b as®. «)* tbs integral* J 0^ m $ m ®s and 

d* ms sot pnwiMa^r wwttd is tbs litofatsro 
tdaiPias tbs lotegwis / # s ff^ ds and f 0*% 0 & ®at wm» 
tabulated by Eooag {*) for el&apad* clapped, otepod <* free asd 







while tfm ©£ lonovoH? muw%mp%& yd mtm with 

mbit &mp oooAltAftoo a» ©aXoiXiitad tm Vm first Ujw, 

■ ■■;.■'■ / - ; 

tb® *p§<sl»lly Qsriiiotropto ©as® no* ®@iwd lay aNURKm <®> twins® 

th© mtlMi fo* tM» plat#® iWflstt WMHUui 

■ : ' : V i 

ootfttsiatlouo of elaapad aai wppwrlM odc*o« Tim fuaSsmatal , f j 
fw^odea found t mm •quotd loo S«SI aw ittoptioi with time® | 
m%QMAm& fsoo tli® olas&a : ? 5r ©r/pmooftajo i5oi*lv©<l lay liasfwn for ; 
opooially wtiiotfopio t«#» t*i»» § * 0® oad # « ®0°* 
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present iaveatiga bton aya less than (of tins order of 0#2^> 
toon® 81ml fcy aaloigh*s oettod, IMs iadlostos that tin 
Bits 1 ® asttfloOttoa of tbs Bsl»igh , s issibsi taproots tin 
conforgstos to tin torn® value twm th* higher side ocmsidor* 
ablr* la table @ tm first five frsqosaoiss Of «mtUJv@t 
piste obtain £»ra sqaallms aro cosparsd with tftoso given % 
sosayaftilu ato Srinivasas <0} fop tin @a@@ when # * 0* Th® 
values in refareneo 0 appear to h»so boon stoop? tabulated • 
tin ifesrtMMixtftl frtqiisnoy for side ratios 0*6 aod 3*0 having 
beta omitted# Seoparisois is tmd@ after tbs assesses @©ypao* 

"f 

tioa sad values ngxm vsi $r closely*. This is t© to ©$gp&et©i 
sloes tin squatisas &#$© to©«> oraoilp sags® a# turn® used la 
»#ay»tao® 0 Amp angles of ^tmt*n^sl% of 0 so? 00®* f to 
e/b astio has praotisaUy t® street on tbs I 

fraqtwwwy of vlbsfttioa of a srpooiBil^ orthetrspls oeutilavor ! 
pint®# ' Barton (as) reports ** similar totovlw of 1 soeieoftt* } 

lay iaotaerdfi slot®* 

*iPfjSi f ' , TP r ' vR?. sfpir . ffljjl jr ™nWi'“P Iffr-TiPO- pR- . j 

■ ' ,' . , ■ , : '" . ' '• ■••’.••'. . • ■ ’•••'; ■' ' ■’.." • ■■■.' ' ." ■'■ . ■'■ '■•' ' ' .'•,' ' I 

Tbs of vibration it plotted | 

against in# taiXt af estMtfop&slts In figure 6 uni 0 ibr 
aids ratios <*/&) 0#s f l*0f i*a «st ««t wmm bosoissp 
tosiitisaa* tbs frequent of oltttpsd * otarps# flute MrihMSS 
wltti tbs immmm of the saps of osthotsepio&tst b ft# ft oftftt 
sou# of Oft tbsvsftt for otter mm it mmmmm tbs «#e« 
piste list bits highest frspsissr mi lbs imtPMIor state tbs 

lowest* tbs fxiKgosamoe of wo ©ai »«o© ftft tldS apart fe* lot 
a/b satis* «Ni' tbftf otMft eloser m this sstl* it !«•*•**•*# 



tropio wlmn all mm sdiap ly support®*!* mn fc® 

Ootorsiaisa Met •gnotiaii 8*89 ^ mtv&m the oMNMQMfldl&g 

aigemraltao 


a) UnXmjdUsl !xi*&11ag« For bulling u&Hmw tia&forn mmpm* 
mlm ioplati® load* oa a pair of opposite ®0$®@ the olgaas®!*!® 
psobte is expetfy saaa la 3#i (1)» . Tfte olonoots of tt» mirix 
k aw foaoS t»m mqmti, rnn £*30 w pottiof % a % # H^g « 0* TM 

■stvla K is fociod to b© so&l am sytaBOiiie aa# the olgoovaioor 
*«* ^©tcMiaoO usia* iSm noted* ftm 

ofitioal tae&Xioe load fora©#!®*® {% * # S& ) a m 

mrmlmtftM for osis®®®^ plySOoO plat# for trtxUti 1%$/ B^g * 3*c% 
Bjg6# Efee • 0.498 «at % « 1*96 x a# pel* m>oo mimm for I 
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it® pm eoistuiaiag m %g)# to pm&mt te»«t4g**t£»is 

tales® W torn series for to OsfXooito fuaeltoi to i® 
es&octod to giro bettor result®* too® oeiults a*© eeaisoto 
witt tmm of -Sspron to 3&afe»a la is bile 0 for a sonars plate 
to aro fouad to h® tn <sl®m e«*M8to* la fig vm 7 to 
®$Mmm erltieaX im&Mlm tod is plotted ■ ajpiaei to a/b 
pati® fw otocm* angle® of orttietKipicily • ft» fa&Mwtm* 1® 
etolar to tot of eooc&aily eotixetroplo platoa me wpettod 
by Me Cl?)* to to e&tos of toe ratio® to first mm 
gtos to toiaaim eriitol btielcXXog tod -and os a/b ratio 
trnm&me bajroot mw tale veins Ctototo I® a fttcfe fa to 
fflsw} to wmomA toe give to ntoau* baO&tiat tod* tins 

i 

•nolo of orttotropicitgr alters tlx® tlota! bue&Xiiif tod® nxA 
to losatiea of to fcinfcs ate® to eo?xe« ft# Mia a/b 
mt$m to advajxtags fa iwrfog a mins of t etl»r too of or j 
90® for imwmwlm to critical buckling load is clearly mm 
in figure ?* 

| 

9) iitodel WmMAa$$ fin atete.ua totOONl mmmrI tod ; 
ptoilei to #e»asi» on two opposito edges tocpifti to e***e* | 

feeefeliog of o too xestowtlo# geatolXar ortotopie plats, j 

etna it is i®Qbl#et®Nfi to totem aiiii iet iytfioo o f# m # agonddMI 

■■'/.. , ’ / ; '■Sr.Y- :r -;v; : y\' ;'■ ■,:/■■ ; . : . , . | ' ; XXvV' ■• ■ '' ; ; ; : ; \. / 'V ; ..: ;'■■/•/] 

to to m to Mnotooi to oO§o*t to Otoiotaso fm m j 
toftto tois 1 ' to oMoaiNto of to'toto ft to OtotoosO j 

$mm 'Otottoo' fi«X9 tr toto ontooni rmivm to % keeping | 

?• i %i a 'ii to aotoUt ft to wmA to ortotOiO to to | 

'OOoiMfiiwixMNi soo ootesaitoiift isr tj&o JkMiriftOts ■j iOiw i Oi i fts wmmrnm 


m ,'40 



by sq tmteidea piste* a oonpoosstae load,oa %tm etee# bate , 

mqnim* a ataail** load to toMltl* ten .plate, TfcaMtaes&o <I3) 

despite® 'a similar behavlou* of lseitepi© platen nodes 

directions. I 

unlfona 0%a load® la two povteadteoliu^ Tim Item# la flgwo 
4 eo?te*p$a&lag te tee soaes an « 1, agfi and a » a - 1 as® j 
net apwotstesi with mt&mmm to tea % mu} % earns whereas 
f»y tee laoaotcto ess© sueh a spaastep assists tm tease am j 
other jlalls s sad® it, 

W ^ ¥wrP'T '?Ste ^||F 1 


el fluehiimy Ubtef stmas leads § Tim a&i s tiae a sheas lead s 1 


•loag tee- edges of s tele soetnogalor plate repulsed to sense 
btteletag see be aetessslead tmm sgeattesa S*|0 by pedllag 


« . * % m % s 0# The lowttt tela® of %g telite telms tee | 
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load* f to as»sleal xooiiMo obtain# for tt* 0BijQ$si3p pl^ood 
piata as® si<mm im table il# fto sesaitis ■ ar© eoai^ped la. table 
ID with fcibs© of mmm east Bmmmn (36) far tte ease wJrioo ®/b 
# 1*0 8.o*l &«q fenod to be in oloss ogsooasiit# Unsafe © tlio 

iNUflatlAD of tbs sftssr bookling loads (so# asd -v®) wlli* Abe 
of ©rtbotiopAoliar » 

ii) 9wm van fmmmm wmrnm cmmiom* 

Fo* a plate subjected to ovbitmsr . boonOsif ©onditioa* 
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Swarup, 

Vibration and buck- 
ling of generally ortho- 
tropic plates. 
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